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L*Ljt>-jIj Relativitĕ A.>.i.,.>..:jLi LdS" Lu.<>...u 
<J jjii-U tEinstein ^jjLJuiil (Jl La >.«- -> - 

OlSsil (J^^->i ji«j tBeme jj^j j^l 4.<w9L«JL) 
.aJ^IjUs^I Ai^L>- jL.jJl Jii j 

LJL^ LJ 

.4-^ jJl 

^lTitijl jvio ^^1 Aj ^,]ai!l oJL* ^Lj ^ ai j^^^ 
Jl 5i j*Jl Ldp tl905 J jVl L*jvsLp 

«jLJI 0 
.Galilĕe 
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>LuJ( ajAjS\ ji '2uLxmjS\ (1 

Lfil .((Bougeotte i3l L^iLio c-jjJ-I 

jS"^ J «LC- ^ |_j.-».«jJl j»UaJl 

A}y OIS" ^l oijb JS^ tL^ jUi^^yi ^bL' 

.jljlil 

^ 'iiAij -Liy^' L^W-- L^ 

jj__^l tljjJ c-iai Loi" L->jjl U lil t^j;^ .AiL' 
L«->j Ji-iioJ L^Ji t^^Ldi Silj L^L (^t^-jll 
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I-Jl^j .Aj-^ aJl* Ajtt^ij»- 

jl ^ _^Lw j .((?Ljli oLill LL* j j^w" c^l 
2L.x. j Pise l>ri j ^'L!J;aI1 (iljJl I 

j ^yLJl 4jjj ^^jIp bLjc jlS' dil-iJ t V^Li 
Jii .4:*>L.lJ J,jVl jv?L*Jlj sl. L: uLll jiUJ 
ts 4j;-jL- Jj»-I^ O^L.-^' ^Cj,?^' '^^- -1*^'^ 
yl IJLaj .fLlL ii^tjUS' <Jl >JLi LtL- ^ 
jJLj 2L-jLJLj iii*!! aL^Jl AJUai t^^-lj 

.L-jLJI jjlai. 45" ^s^j L^ jjL>«II jL^Ji 
4jLvi5 jJj tL........i JJaj (^Ltll ^ jli tUl^! 

iJUb .^1 ^V 5-^Lj (^Ltll -b-b^ jyii) 
f Lil |1 lil J.L^. jl jlAdJ i jUa^^l 
j IJLaj 44iilj' L! jJJ ^jVi jl L^ ! jJ» 
tajLi/^ j jJ^JLI i;.-JLj 45" ^;^'^ i^LJajl 



I iUi tL_J oLiJl 015" I jl t .Lj ^^1 lla 

i_Ju^j (3 ji AjjLp ^^■»- ; J j>rl Lil iJ^,?^ 

Sirius [tS j*^l] ij^J.j:^ jLi^ ^ <-.a....M.< 

<u>J .Li j5 ljll^:« ^L.jii^ j,-*-b>-l 



^^jjj . J.^-iJ jlL» ji.. M.< 4jijIi« j_^I .,r?j^.>l 

4,.m:1L ^.L' ij:, <uli>-*>L« ^ki 0 jS" jjl liJJj 

4JjL» (_} ji .^J^ J-* jL*«-i 4dLil/« Lj;^^ 

J^Lmj j .^.Ij 5^LJI ^ JjcJ j^I 3:, .8,^11 

c-.lj^ 01 US, jjj :jll5>fl l-L* j 

I M ■>- . " Us.u ob^Ls tL?i->lj l) j^L- jL»«.JI 

1 -sljj J j5;tJ> S,.m:1Li ^j.;^ • JjLj iS^ j-o-c- iaj»- 
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jjLJI Jl ij^^jJl jlijy.;fl 



2^j^ c- i l ai l tParabolique 
("s^ J '^l ^iJ^' J^' ilJil 

jl AiuL-Jl ^^^r L«l i_Jlvi5 jj jl C^^- 

Ul 

jl jjl ajLi^l ^ t4jjL-Jl Ji-^l I^Sm.t,^ ^j^iLJl 
i_jL*J-I jLi^l tS-LjjLJl ^j.» Ls^Uajl ^Li!l 

jbJj>o ttLJ.Ij iijLJl jU tjilj .ii-oVl 
Repĕres : I » i_jLM5_^ oy*^ tjj 

. Rĕfĕrentiels oL«!- j( 
jt a y^UiiJ ^jSo: oh^S" ali.^! 

jl oLj i_ ,i.->o tjjyillS^- ,jJi?-*>U. SjiL^ J-^J 
jt ^^Ti.Wll ^j.4 jtj (_^Lp ji^ toUis-*>U.I aJl* 
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M' '-'t l U 



4» 



IJL* Jij-V tbS^L^- jjSsj 01 ^^...>,.'>JJ 

t4.Lji/» 3^L-^ 4j LsjJLL» LlJj oL (_j j.^L flll 
• Ji^^' i-i^J^ ll>l J 

loS^y t j^l (.5U-I II* JJ\j^ ^t>t^ Jjj 
tulS^li^^^l^^L; ciJ ^,?Jl^c.^^^l ciijj (j'Lj 
a-L* (jL^J k.i— '^■il-!>l o!>l5>Li3l aJj jill 
. ji-J«l ^JiiU a.«jLjL« *JL5si>-l 8 j5 8 jiii-Vl 
oLj 4Pjv*J 8jL-^ tj^^^l ^a.:...».,...^ ^(^^ >^ 
SjjlL» c3 j5 ^ j^J^ 8 5-^Lj j^Vi jJ^ LaS"] 

LJJLp L>C>- (_jLv* jJl I JL* jDsI ^^«■i...iJ . [aJ ji./L* 

jJl t(^^l il)f8Ljtj.j ilnertielj^^ ji 
L»lj LlS^La*! L»I ^JJaj c2L>-jL?- 6 jS ^ jJL 
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J '-•'^; i^yc^ i^Ljl jj-"J 

O jii» jl] Sjco^ ol^l» oLjIJ:>-I 0*>Ij 

rois coordonnĕes oLjIj^^^I 
i_ji>tij tj^iiil Ij^ .z ty tx '.jy> jJii 

oIa Cr^j (>J «^(^1 
^.-^. UjL^I j^l *i;:>liJl olJla;-,VI 
• Perpendiculaires aX»L>cu oL*L*il aj'*^^ 
:|Jiil jjJ tjLJl J^l 
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iy^ LuLJIU^yi JJ ^ c^tJjuiS' iM ii iUlJl 
L^L j^^l IJa uL LZp cR^ J^h z^ 

.[Y^j^LR^J 

jtJjcoJJ S-— JL; Ox jji»«J>l J jis i^^jip ajL:::>J..I V 
S-— JLj ^ j-o^ I g .1 ai P SjaiJl C-3<-jf j Jij .R 
.R (J*ll J^t^ z_ cy^ oLjlO^^U 
J 0 jL^I («^ |»-L«-« jij j jl i^/s jVI i^jip 

l ^l j5\Jl c.Lal£- J ij J . L« j-o^ jS" JsLjjI 

t^_j.-..<^l ^UiJL; jj-<^ (jjjJl planĕtologues 



^ j j --»•-»- 1 1 Lal <, iLl ia-J JtJ-*-" J 

LJiJi j ji-isjLi Astrophysiciens A^50jiJt «^Lij-iJ 
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yjLjl Jl Sjf-Jjl jii—.Jl 

A^U. .LJi L^LoJtl ^ Ji*^l 
k^:>^ ^jS/l jLipI UlS^b .4i/lll JS^Liil 

.AiLiJl ^ ^^>tjjLj 
^^^jip cjIS" ^pJl joU JJLsniij 4.^....-:ll ^ j.a7.v 
^ jjjJ-' I j L^ ji*j uL-iVl 
cSi^L» ^LJI ji.T.»T.^ cL*-I» .j>-l (_il j»^^ 
SU-Jl 3M...:.!b j j^ j 4^_^l Ljj^ oS^y L^V 
t jtSl a jl^ j ^'Ul L.i .4-LJlP 
J:L<J.I oLJ-I JJjw ^j-..a:io "^LL. jLiJl jJk 
3.pj\.Jl ' L»wLp ^ ^ " L» • J^~^ 
■ " ' - aJLI-I oJl* tlJj>r aJLp 5.<JL>r:....ll 
j jJl i_> j— ^LiJl .i^iiL^S^I ^ 

.((,_^ JS"» jb |iUJl olo^i ^L*ji ^ 
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^jA>^ ^_.^....Jlj (jy iiUo Ljip t^j^ 

Relatiyisme i-— S^jJl jli cAjjLiiLij .^^^yikii- 
toli AJL*J]yi li jA\ <uj j (^JJl i_jfcill 
jii«j Li\jj^\ jLsi ^ j .jlLjt«l! jlJLii i)Lic. 
j^l Js jj^\j LkJ ^ ij-LJ JS" (»l.iL» c^-~-J ^ yiil 

jV tijP JJaj ^.-...■Jl oJLa ji iL^ ^l 
j^l Jl-Ll^^yi t-i ^ I LJ ^t^is jj 4j ^U:tl 

jli tdJJ jJ . (_i-va j3l jUsl jJtj L» I j.5^;W" Iw-J^J 

j ((5,...;)) CU-J ti-^—Jl 4j 

L^bJ jis ^SJisJUl o^Ljuij*^ L^^L:j ^ji 

.^Lj |J^->ij Lj^ (ji^lJl jj^^.J Iw^ SiJj 
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ol joJ jA-jaji,^ tULL^ ^ p\ ^UidJj 
Ja.',...:...^j jjSi (J^>-^. 4jIJj>«U OjjU~^ olS" 

^;*! APjwj i3j:».Jj tTGV APj^l Jlp ijUai 
c-l5' blj .apLJI jLS" 4j'L i±j*>Ij jjbLJ 

toJL?r tuljk^ ci3 j^Jkl jiWail Jj^b JajI 

cjIj^.4 jJLS' jjbLJ ijSo: ^^jM 0^3 

.jLkiJl (Jl \.„.JIj ^J^j^ f^ oJijbj .apLJI 
(j!-jLiJl sJisJkl (j~j ^ 5...,.,.JL) j»-l LL-i ^jyj^j L^j:^ 
J^L^ jjy. jLlaiJl jjj^ ^Lo (^iJlj Uwj^l i^jip 
t^LJl J.^^>-^l j-«Vl L«ii« j .oiiLJl 
IL.' jj, j*"lj ^.j*^U IL." ^ Lo.l^< iS^c^ Ljli 

.iJjiil t5lr>J.I ^j^ji A--JL . i_i..„o ^L 
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oIa j — !l J^\J^ 305= 5+300 '^j^. 
.2^jvJJ ^^Uli L.-Tjjb Lc. ^jCi» ^^^t-i; 

jl3 t[iji~.^ jJl ] R| (J*^ V jJrl 

^ j Vj tRj J 2-_-^^. ^ 

.[jLip^l ^lj ^] V+V^=Vj 

015" lili .iaii 4^ ^l bij Aj^^7:1| oijfc Ji^y j 

jiL>J.I jli tijiljjl jl^ iji*^^ lS^-? j'!^^"^^ 
jOil jLiJl jLkill J- Ji^">L^ c,_y.jLki]l Jb-i 

ljjfcj .2^L-J( ^ jCj J^i^ LS^^ ^J^. 

.i^jull (»_^l 

J,Lp jUai J^l-i ^Lj oI jla^iJ. ,_5-^i L«-UPj 

to jJ jll SJLS^I di-L»l V ^jj^ j^l 

i j^jJL 2^j^l joJ iiijj ji>-Vl I ^l-i L« 
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U5' .^j^l ^Li^ AP^I jli dJJjJ 

3---J1j Aili JJiJ ^ jl jLipI ^_jLp caLi^I 
oljl/» jJLS' 3— j 4jL« 3jjL^ (_^I 4JI 

IJLa Jj^b i^jiliii jSLio ^J^j^ ■5-^ 
L jL-^ Jlaj (^jwi oj^^j ^,;^ (.j^ t Jli jl j«-i»ll 
olJj j_jJl iks^l .U^.l^T ^ ^La! 
(^l j jSLJI Sj ytll Jj^b ^J^y^ 0.1 2:11 tjwJl 
olj^./» jLS' 5..o^<k^i- Jl 4.f-LJl ^ jL> jJLS' ^a.,,^ 
iJjsj .-iL.^ APjwll ^*>li>-l tLL ^ ^apL-JI 
joJ tLj^l tjyl ji jl iliSi i^^--Jl e/'*-^' y 
t^c-^ J^LiJL caJLJL*J1 jlLnil JS" Lg—JJ 
«jjttiil Sj^psJl jl .<<Lfc A_L^ ^'Lj J j jSo^ Lf 
^t.<_-J tSjijAi ^j ^ 2ii<Jklj Joji\ ^Js- 
.jl^ ljI sJ-L.^» iaS^^^JJ (jylji ^It::..wL 
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oL4^ iJy^ jUaS Jj^Ij (^jIp J5C^ J..J^' 

jljIA^^U |«->l:>- jiP lJI] JjLoJL4j 4 

s^^^l ^jiij LjIS^Li tlJ^A .[Vibrations 
lilj .jlkUl .LjI yj^^l ^ jLiii^^lj 
tjlji*! j jjj aS" ^I cJlS^j ^lJju^ yLi^Jl cJlS" 

aJL* (jij j .ij ^,^»1^ jLkiJi ji ji jyL^ 

tajj-^ ijt>- ^ j j jLi ^ii?-'>U.I 
(_ju<SjJ j^^^ (3^^*-^ L«JLP AjjL^»»!^ oL*>- ^I 

^^LJI ji L^. cu-^u. tL. a y^Lli 

jj^ j»ijtj> ^lj^l iij .Igu.,;^ j=*^'j 
^ yL-j (^JL!l jAj t j jSL- aJU- ^ ^(^5-^' 
iaJ jj^ '(JjLJI LJlia ^ j itj^^j^l iJu 
j^l^-l j^iill ^y^ OJ^.^::!^ tAiLi-l aJu ^ . U yL-JT. 
j jS^ t V -^jj ljJ^I j-^Li liJJi j 
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jt UjjI ^«..Wll ^ AJLi tbtj Li" j ie/**^' 
. jUaiJl J^'.i C-J^ (^tj 

j,Tj L. lili .^JiJbiJ jt j5Cc j^l ^ L^U^ 

4.-^«j>-J 4jL« O^^C iC-jwJ j>t 5ia>Jkl ^j^J 

jt aJI^L jLi t^Lc-L^I ^ cj\JL> jiS 

^ oij^.» j.Lh5r 4— .«j»- ipjw ji-*'t (^'^ '* 

iiw^.l j^jLc- bLkipl tiiyJJ 3...»:IL ^Lc-L^I 

iSj^^ j Llajl Lui^j tz ty tx j%-i»il L.iIL>- JiJ 

.iPjsJl |^;W> ^ JwLj jJl t ^j-»^'' ^ « 
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Quadridimensionnel ((:>1*jVi ^s^I-!^! (JAil)) ^y:- 
t j tz ty tx ^-^j ji-^ 

V :>l*jf A*jjVl c^i jl^l c j^ jl jt-i^j c( jL«j]l) 

jiil; V J-»>!l JJj» jl jJ-J t^_^l-iJl j^l ^sjO;^ 

^_^j .((UJb j^jjl jjs ij-» >!*-*)) t|Jj«-<J-! Lji-jo 
jJli jLkaJl J^b j_^L>. i_j jLip jli t Jlill J--— 

l__j*>^j ipLx ( JjLip 4^jv^ S'.i Jj-U 

^j^llii- J-.^Lt]l ,j-.:jflJ eJJLt-l »Ju>j .aIi^I 

jo<j t[L^L^j L^l-bJ L« a ^Lli ^jL 't j t 

4J St.ww» l gT<^^^ jyjtJ J . At = t~ t Aw^..r7i L^J^ 

V Vj]l jiUil ^Jiliii jl dUi iSjL^I a-«r >l 

(( yL^)) ipLJl j L4ijX.^ jLi=^L VI J:^*-^ 

Lr- JJ^' 'lT^J («-^ Ji^~J -h^ L>^' 
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jlkiJl Jli. Jk; Cjlls;^! IJU .UJliJl 4_^l 
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Imperturbable jMt -3 



il) jJljj^l cT^' tj'^ j^llll j jiJl AjL^ _Lp 
^AilJl jjy .jv-f~~ijl (j/^ ,_5-^ jJl-i 

^'Lij^l jL=?Il ^t^l c j->::-il 
j»-* jlii ^ (^y*^ jl^J .Oj^jiSl liilj oIj jJii ^j-ws 

^ ^ljiU 0 iJjLjiil ^..,r?:lj ci_-! jiJl 

V ^l A-_^l i$ yLl SiSLij:. 0jCoL_« JaJ jA 

j ■ ll 5.PjvJ 4JL~^ i_5*J '^jJsjJl ^j-ws ^jJLLi 

^ L^-p j .-^ j>» L^-3 
j jL. jLS' 299792,458 t^jLJ ^ jJaJl <Pj^.- jl 
c....-J^j . LJL?- j J^^. L^Li Jij caJLJI 
c^iJl mĕtre j^l -bA^ ^L-I Jj <-^j''^ L>-Lj Jaii 
A^Li o-Ls-j i^gip jj^jil ^.LJI ^LJJI Jls^- Ji^ 
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c2»o-^l oJla \ ^ .Sĕvres ^Ji^^. 

jL-J jJl L. .C i-> jJ-lj ^ -^j 

?4ij yiil «upj^ f j-jaJl jj-iil; A-jl?:- 

j^i-SJj ijCiS- ^*^liJl j ^^1 ' ' '^jj • ^" ' ■■>•'>- 

jjk Lo-S" ul CjLjjj;»:- ^Jia L» Ja..>ij ij^^^ ^ j-^l 
. I ^l.a.:J y^jt^j^ ^^1 2Jf j^^aJl iI-jL>- jil jLi 

(jyCJ L<»5' tliljLi IJl* s- j-jaJl J-ii Ja-*)j Oj^ jl 

J-.^- L^ljLi^/l c-^b U t^LL^lj jli3>l ji 
j .aiLll j> Lj jiJ ^ jLiJl j j^l j> LlJI 

^-b^JL^I aij .1 jyl dJJ.i ^yr^ ^ jJl IJl* 

SL: (^AJI jsajljJI Jl 5jLi;)U ^IW.,^ll iJi* ^l-UJl 
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3jijjVl jv3li*Jl JsL.^ Jjli j^ Ua^j jyVl 

tjUij c^ai -.^j '^J)i\ fLiVi js^" (^i 

.fl_^l|j s^l/Jlj 

Oc>- ^l j i ji=^Vl I j-* jvilj jJl jo VL; 

cjiii- i:S'L- LLi LkjLipl ^^^. ^_jjl 

dJij ^ 4J j.Sll ytll tiJlS^j .4:14 cLkiJl '>Lc 
L.J . ^^>^o-.iJ) ^UiJl jJS/I ji cojUJl 

Sjjlj t jJaJl iPjw cJlS" L» lilj . ^i^^UiU 
L^LJ L«Jj.p yL:!.^ L^Ls c ji>-Vl I j-^ a.....>.JIj 
joij jJl L_ilaJrl SlSL^ oJUj .^J^\ ,_j1p 
L» v_....,-xlj ^jiks^ j S^j^Jli cijjLij 
JiLj jl 4^ jLi) jl jLJI j;_-j <_jjLiJl 015" I jl 
J j j-*-' ^jj' Ur.j .4JI 4.....>JIj L j 
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C 0\s j-^il jA-kiJl jy^. I ^ ■-a. i 
— ^_ ->o Aikii j _jSJ jl ^j^Ul 

^i dU: c jUa^/i iIa cf j 

Michelson jLiy jli^^Ul L^. ^li 

.yilp j^Ul j ^l ajL^ Morley J, j j-«j 
^jVl -^j^ ^ ^^J 
C j^\ IJl* AiMjJL 

IJl^ La-b^tJLjjl -\i j .{.^..r^ 1 ^Li-i oL^^_^ LtJ 
^Li)) j^^,»—^ S.-.iL.»^ ^j^^ ^l y^\ 
o^j_y> cinterfĕromĕtre ((4jj-^* otApLiJl 

5.^^ jjl Lo_*Jj>-l jj>-L ' ' ; t^JL«ljC« ij^ljj-i 

.jLo-i — i_Jj.:jr ^-^-'rjJ' ^r^^lj '~r'j^~'^j^ 
Cj^-il— • Jaji- i^jip ^'j-^ «• j-^l j^--— ! J 

cl JL> ji^ _L>-i J^^l jJUl J ^ jli^j .jjiJfcL4VI 
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oi-ii^ ^.^1 aSjJI LilS' jlS" <of "^l 

J ^jVl jljj-i Is-j^ jf- jv^Ul jy'Ul 
c^liJl jLS' e joLSI itiij ĕjJLiilj 

.t. i^j^ l-i^yTo jvi^P ^Js- Jj-I (^l 

c-j Ltt5' co.iJjti» cjL*L^I ^jsj i^LiJl j 

OlS^j .APj^l jj 0 _^li AjjiLii* tji«i 
I g - lg« ^2;^L<J.I .2L>tjlJl oJUb jy^^ i_ . « ...^ ll 

jSU y-JLj liL' Jlaj jj^l jl ^l j^sL. 
^LwJl Lu5' ijj^ jLi ^..^tS" yiJl oJl* 
(T ^l j^l J^b 

jj^l jiUl ljjfc JJij .ijyjAj ilili JJ Lgjaij 
.jvi^p ^Ul j j!>U- UJli 
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^j^_Jl^L» L^l J.va jJ ^LlJLj 0 yKj J,l <ui 
jlS" ^^jJl j c JcL-J JLii c^l jJl • Jjj-^J 

iJ y.^1 tJT^lS' L» ljl 

^ J^ . jJ y>\ jjt j t2up-V >JijLjvaJl 

^Lj^l jOsl LjLU L:50:. ^ ^L^ ..j-.kJl U 
?iaia:>- j LjJi:.r tA^ ^Sfl i^^-^. "^l ? aiLJl 

Ai>.LL. Alijoj 2Juia*il J^- JiiJ 

i-Lw. c:.-*^ J jVl .t> .: .a. L .>..c. jii ''^iy^J 
o-U>-l j LaI ..^TaC.tLj^l o ^;iipl jjJl tjJJLc- A;j-^ 
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ilt.:.....» tC Sjjlj yiil j^i^ f jJaJl jl 

djjijs ^«-"^^ j-*J t<- j-JaJlj jj.^L?- j»_lji/« 

. US^L- j jSCi jl ^j^, ^ c jjail jV i.<^'yJS\ 
C— J t J.a:.ll 4_jt^ 4jljJ| J>l jJ^Jj 
«^^Jtj tj»-J-Jl cT^' ^ 4_wJji- 

^ yLU^ jjLjujjI jli tJU^ (^i j_jlf-j .^jUIp 
j yjc^ Ji-^' 5jL-">UJI oijLLj^ ^_:.,..Jl y> 

^jA>^\ jl diJj H(4jjijlil jlP))-J 41l ^ 

; JUi/a <. j-iail jJ-^a/o jl ^ J^, l5-^J1 

^jiaiLl; j-*J . 1 g -■ ^ ' jl .t..Ti^l iS-j^ ^L»i 
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Jjlj J^^' I .0 y>Tj '(JitJl o .t.ll «. j-siJ 

iwsLjj ipLsraj LloJ L« lilj .^lT.tijl 4.;..-i ^ 

Uli cJLkJl IIa .C=V+C ^ J-.^iJ^ 

Lojbj^l ,j\_^j>5ji.« c jjJJ jjjt j-ij Li jj iif^ I lil 
c^.-! jP llfc j C=C+C : ^ ^y^ij*.^ c ^-'^l 

.5 ytUill 4jI yjl oJL^ ^h-^ 4.»...,I? ll jli ^j 



4.PjwJl j> j jjLi ^_:>w2J i— >-j '^j^ 

I C^iJl 

i jjsjiil ji jIMl (4*il ^ Llc j^jiL" cC « jJJl 

^ t jjill 4P jv>- 4J j j^ -*r^^J («-Jjt» ijLjti jj-J j>| 
JS' L.J diJLjk ^ j cJa-JaJL, C 
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^ tSjJUJl jlLnll llAa^ i>»-u]l 

jlJa;>o jL«Jj jl^ iSL* -b«j jl c jL'>..t.-jl ^ 
ijyu (^ij^l Ji i£-j^Jl C~*lj L« tS-Lkj^L 

^y^Lj jJiJJ J^" iSLa L*r tjL:^VI 

oLj jl jjP ^lj^l j-Li j .^L*jVI 

.AijLii Sj-o-p oLj*-> j Jl i^yj^ iC ^j^Jl 
jisl jL; jjj-H (jijo t y>-l 'yLt» Ll* • 

LJLpj .f. yja!i\ ^ K^^S-j^ i^jju (.\As>r 2jtijvo 

jly-l bjjJli .A^jJl (jjljiJl Vt jVI 

J-^ (^ LSj^il tPaul ij-J jjj Pierre ^ t jL>iy 
tlJi^ .(j">UaJVI jl^ -Up jjj^ioJl Lo.^:»'^^» 
Vega Li»J Jl yj> AJLjai 3^ ^ ^ y_ ^-S j 
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ol^^ 25,3 ^ jSfl 5.0^4 

jLL« (—i'^' 6j%i»p Lj cAio.' J*;Aj^ fr jJaJl 
Lp^ jJ j:^I oli AJI.^jall ijS" ^l jl US" . jL. jLS" 
C 0,99 o j-^' 2-tjl-* ^j^. .iJ y»^' caJI*JI 

ajI t j-j-^l j Aio.. 23 » jl-j (Jl 
Jl j3-f ^_jip LJym jf jIjI UJjj .bLi Jljj L. jlS" 
jiS*-Vl l-L* jL 
CkiJLJi «-Ijj ^.«^^l L»l .tjyti.j^' J 5— .^Ul-l 
.LLi JJaj ^ iPj^-j jsL-j jf t^il ^^jlp jt 
0 ji;>Jl aj^^I oAa jJJ ? jil J-H-i»- c^iJl L 
^•^Li-l e-..,->^ ciJiJbi J.^^ j^-o^j^^ -^*^ 

C^LJI Ji^">LJJ J jlsi Lj jyUj. jjbj .^\A\ 

jjP (^j^jJl IJl^. .yLJl Jia-*>U.L aJjLL. 

(j^L^ jjbu:. iaJjil ^j-^jJli .dilatation iliiJl 
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oaII 4— jLi d->jJ-l ^j-^a^ L^Li ^l 
jyi^j -[^^^ iJj-^JJ J^iUaJl ^ju ^Ls^LiJl 

2-;-«jVl l-«l ^tia-j y.(j-»J Ji tL« aS" ^piill apLJI 
JJa.:^ t-u-oL |JUil (^/-Laj j^jJl aJl^I 

toliLJ>l (^j-aiij (^ji' .sJlojJI iJl» dj^j 
jjj L>ti j u^j"^' ijy. ^J-^LiJl AiLJl jl C— 
ijp t4^-LjiJl 4-3-LJl .yLJl jJ j^'^ 
j^ ((.......t.tII)) oJL4I (^Pjj t ji^Vl l-U 

jVl Jl ^'Lp L lil 5 j>otil a iJl:.^. ^ 
^(_$.iLf- ''-'L jJ*-^ J^^Aj»- «bl 

t4-?r jJ jJl ^J Lr. tAjLLo.p JS" |«il jJl ^^j 
.iljl L lilj iAjt» aJ j^».?J.I apLJI JJu jS 
oljoJ ^ j-iaiLl jli jl^J «oL-i J^ jl 
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L£>)Jiri4 i-aSji ^ ^( l^i -5 

,jA>iiJl j/j ctU j-Mii!) ipjv- L^j:Pjv- (J jj>j yLls 
^ L-i^^bi-^l 01 c4..,^.-Jl tuLx5jj 

jjjuiJl jj^. Vj .(lL«Jl J js- ĕjj.J _L>i! 4Jlj'^"10 

APj^Jl L^ j j5^ V i-ij^ j VI tuljolilL! 

^^.VL. j^jipjJailiPjv-|_yiJiicL^jLj<=^l 

jljL^jJl jVL>J.lj .i^j\J^\ sLJ-I ^ 

HSjJJ^ iJ^^^ ^:; ' '■■'■Jl I ft (3?^ jlJlJJl 

jiL»Jl ij\ ik^iiii\ «.Li^lj tuL^jJrl pbjJ L>jfc 
^ U^j c ji^l ^^-^UI (lUJl j >JiJl ^^-^ui 
j^jjl .jJi jjo j . JL-J^^I Li-ii; jt- tu^Ls^il -^.i 
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tojli cLjjJrl oJL* OjOjJI jl t JU-lj 

j jj.1 jl t">li« . L*J J Ojl-.^ 9 JLa Jjt) ijJLSyili 

^bci^l L*a4 Aij ^ iij^ ^ybj cMuon 
oLs- tiJJL? tL-*! jjj (3 c5-iJl (3 j50l 
micro secondes 2,2=t oljj^,^L^ 2,2 al j-lL« 
jwiu j jJ. 5 1 1 !■ :lLij .4jLi ^^iaJL) c.. ■■'•} sJL*j 
:l ju> 660 i-rJjLSj 0 jw^ jli tO,995C JJ*I-^ ap j^j 
j^l L^l ji-Il ^ .0,995CX mĕtres 660=t 
jli tJjiiJLij .(iJJj J _^l LJ.«^ 1-4— 'Li 

j jj. aLj^l Ja-*! jla oJLa ^IjJ J^i-" 2,2 oJLa 

'u^^l «uJLiM J^b c$5 ' j Jl^ 
j jJ.1 -«-^^J Sliii j">lJ.I j»Jj 

ijt— I Sjy---* ^t.j,..! iJL^jk •i^J^^- ^:" jil Ji>-tAil 
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JiJ jl i^iLJl ^L^I ^L«j5l 

j j-gj i jv>^Lj J:^_liJl lk^yl\ (_$jJ 

LIp caJI— J]^I Xi j*i\ j^^^ i-JUi-l ^ j 
jLjt«JJl oJjJLi Lc.-*^ jUtuijl 0 ytUs» jj j"^! 
cjVL>y^\ 4jL>,^ tSuper nova 

5iL-^ ^ L^ii^-^^L) L»-Lp jl jvi^ J')^?- 
cuJLS' li| t J ^jJsl jU^ji;V oJ-« ji 

jL>oijVI JjiiJ L^LS^j tJjijl 4jL;>i— Jl 4iL_^ 

AjLjaiJl aS ^I OiJjiIjI LoJL«] fl j^-S" 

CSJJl cjjSCjl ^L-JI Jl ^\j ^ij ^[^r-^ 

4 Jl jL; tLjfc 

V Lg^ t4:^jS'l -JJ-f jl ^j^^h^. 
llisii- aJLjjJ Sj^Jiw« jJJis tj^^^Lll J,l 
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ijiji j^jjt 1^1 



(JJ^I tsimultanĕitĕ 

. I.j... M.i ^^y>t.s.i?l Jj cLaJJa^ A.... Jl ^ Juj ^ j ^ 'j^l 

L» jlj-Ls- j\I*j i^^^^y^] i_jLi ycJl tlA^l* 
. W,..^11j L^— jij 2Ji;>JJl ^ l*Sj L» lil t^jA-Lilji.» 
J *>\i tL^— jiJ 4-jl5Q.I SiaiJl l«5 j lilj 
Jyl^ L^-L^ [^\ Ja joiJ t^2;50 .diSi ^ 

J^Lp jLLii!l jLii:.(_$ y^l 5 ^ J.^. i . T ...... J j tijU-Aii^ 

4jyi]L) jl ^L~-^.4 -*^JJ jUaill IJUk J^l-W ji-Jl 
O^lj JS" ^lj ka..... : ..^ cL^ — ij 

cLji^ I ft g :p jJ-.^ L« lili .Sjc^^I ^j ^ ^-rr^ 

t * 

liJlj l^L-^ jli c((!ol)) O c<u-uij cJ_^l ^ 
jL ^t::.-^...) cI <» g : « 1 g . .■ al AiLJkl ^^jLe- l.i y> 

Uiiii j j^w- j^Vl jL) L-^Jjti A.... Jl 
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\s ySL^ iSjy^ toL^I jUaiSl ^L^I t^j^.7...i S-L| 

^ .aJ^' ^ yL^ aJj '(J,jVl i^l 

Ujbj^iLi j»l t jJjJ-l j^i*j J-*j ? Js- ^JS' t^iJl 

t j_jip j*^j.<^l jl tAijJ-l ^ ^.^j^\yL» 

^\ j^\yL» ijljy:*^ jljJlJ-li i JJsjU jJLi-» -b«r jj 
I g.lp JJijJkl dJJj ^ 2jLL:iit L* A;>,^l jJj 

J*>Ul^L) jj^ljill -^Ji tAjjLiJl 4^, :jl ^ 

I .,^»Lj 4.<J jL ^^Jt) jJJi |j50 .jJAll 

4^1 1 .. ;ll J.O .M I «ujjly.t.^jS^I '11« Cijc^ljtll 

IS-j^ ^JJ *jLtC. ^twaj AjJLiJl 

.OijjLsJwl 

jJli jUaUl jJUi Lc. VjiJl jl 
SjjOjJI a^LJI ^ j .(ijLll oJa Ji. J^ t4P ^l 
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jJjLl j_j«ajl (Jl SW,. i CjI jijlJl 0 j^sl^ 

<up non— simultanĕitĕ ^^ljJtjUl 01 

U:^ .j^^LaJJ (^^^ i_"fl.».> jJu 

t2,,,l.;n Sj-ojJl ^LJI ^ i3^»»Jl 01; iis-^^li^ 
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J,l jJU-. jLij^yi -i^p cJ-^2J^ li J~^5 (%-^ 
jlSCll oLJl-L^I UJUil cJrU JiJ .^T 

ySl\ jl JlL .t jL^^I J-^^^ J^^. 'Z 'y 'X 
^jyCj tl-lC-L^ jVI jj-o-J C^jjL T ... 7 .. j l ^ 

4j«j jl ol j oLjIj.?-^I ^j.» aJjJ.>- 4P j.<k.#7 j j 
jjk Ljfc JjJjLlj .t tz ty tx Ol^jJl (_^j tjLnji 
jl5CLJ to^jL*il J;^b jL^lj jlSCll ^jLi 

^-^' J t jLj J,l « J j>^;)) jl jli^l y JJi 
olJ.?-| ^Jls^ ji,^t5: .o tdJJj ^^^r*^ J^J •^1^*'^-^ 
4^jv- L^^U- j,» jL>t.;->-j X ^^j jl5l«l! «Jj^lj 
jSLiJl »Lu--.'j L^] j ijyJLiil j;u JiJl 
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j\sj\j^s>-y) ^js- jjc ^\ \ jsij ji \~^j .[^lji 

J,l ttransformations de Lorentz j^jj^ 

JaT.-a J^^--H ^ji^^-^^ ^a^T.^l Jij .1904 

"'1 — A-lS ) y=x (vt-x) j^ tW : ■■. -! 

paramĕtre oliJl 4^;^^l ^ y jjSc-vj -Y^tj 
c V oijGl ^_^i 



.C iS-^ OoJkl 3jI V 
jjn L^^:^ jL«^l j ^.....■j t^=t^ 2jt^ L«i 
5ij yiil L^—jjj Jsjj^iJl Jji?- Ljbj i jyjjiil ^ <u..sij 
aL yi (^iJl 0.yVI .iJ^ jli tl-iSl* .^^Lp 



43 



(JjJ ^ri-Jl oX. jl .yUaiJl i^^b -liJjIl 

J-^UJl jjb Ijjbj tt-'t (^jLJ A t| 
JJi (i;JJl U .L^^jj ,i*>UaJl 

4jJd A 2 yLJl 5x. jU t[R^ jjxll ] 

V/ + t| X| V/^' - j'y) t = 2 1 - /t ^aJIiJI 2lJwiJl 

(t,->) = y(t,^ 

.yjci ^ J^j 4J2J ^l X^ jU t J*jiJlj J 
j^l A-^" ^l iPj^^JiriJ y jl kiUi i A = A 

^ju ycJ 1;S.,W:; j .C 0,99 <£-j^ 4j jL.^ LaU jnIpI 
(^jJl jj-«jJl jl .2jt-*> _^Lij 4^ J..A^ ty 

i_jljol jlp "^I tl « g * jijLJI j -(j^j^ (Jt* 

>_aJ5 (30) tji^^^' iPj.-Lj5j;il ^^j.C^j-V 
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jJlJl cO,lC=V ij\ AjliJl ^ jL. 
jli cli^ .'/.0,5 ^jJb- 1 ^,s^a;><^ Jk) JiJUliJ 
. 1 ,005 A T A T 5-L. 

jl Ldp c5^jVl ^lc aljl y.j 

aS" y bj jjbj (x-'x ) jl5^l ijijJlJj»-! 

s^^^j-iJl jj^ c^jJl jJUil j$\ j-Lj j cUajt 
ij^UJ-l J jlaJb 0 jpJJ L» j c jj^v->' Jl-?- 
jJli jLki Jji-b jOT.L^jis jJij j^l 0 ^^W.-lli .L^ 
i_Jiw3 ^l .i j^ j^ Ji^-tlAi jwail j-^J c4^j^-.Jl 
i,::.'' ij-^ L = '. ^J^. US" 45*>l)«Jl ^L^i^L^ j 

.ijL«j">U a,,M:!L; ^Vl jJk LkS' CA:>i-lJl AiAjJl 
43LJ>1 jL Jis-^L.-- 'jt*' J^ j! «•^ 
1-i-jliJl ^rlaj. j jlalC. jJili V L»^ ^.«-^j (_r^J^' ijy 
.Ajjja 25,3^ jJ-SJ C^ jSfl 

jJ-J jkiil 2iLJ>l jli i^j^ jj Jl) Ul 
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.aJ Ol 3^61-:^ j-LSj ^^^j^ 1,^1 aa 

Ljtj i-jj^ ^ ^ ^ ij^ ^ 

Ol jiiu" i;liC.|yb APj^Jl CjlT LLj .C 0,99 APjv.o 

jU t jL.jJl ^ 4i*>UJL jli^l oLjlJ^I JUaJ 
'■i^. L«5' ^L^a—- AP jvJU jiJl j jjLi 

LuSO:. ajtwaJl oJl* Jic.j t ¥1 = — 



V 

c- 



, ..^i j( jL^) VI i^ji^ ... 
cJlS' liLi .C t- jJail A£-jvo ^ Lt>^ j' 
jL* cC jL-J V| oJl5' lil jl C jL.-J V 

A£-jvo LAjLjIpL; tC tj-iail 5^ jvo jjL4 ^j^. 

i^^j^jT t LjtJs . J^LjLj J j j-«_j .. l^CjLa 
V I^^^LJLp ^j-w' tSJtwail oJub Jfl~~J 
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^ Jil '^jJi^ ^....aT 01 L. V + Vj = 

.C f j-aSI '^j^ 
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9 mc^ =E "iJi^M Ua>.Uj >ft U -7 



i]Laj 15:11 jl .iJUjdJ jUjaU- L»! L-^ 

jj_pi ^ 2l>-_d>l iiliJl 4-oiOl ^ aii^Ol j 
jij 's^^^l i_5^ ^-^Li-I jJU i^lj ct^lt» 

J^Lp g jl jLj^pI i^jIp m^g=P i^JLJI 4ji^j...Jl 
jj> cV i*-j^-! iJ jj>tJ.I f(_5-iJl jl .^iLi-l 

m^V^ V2 L^i^ jo<j i-S' j?- iilk) c5 2^ 

o-bljlll SiUaJl iXSk |^j2:>tj c2.C-j'-Jl -bljJ . 
I^Iiil .--^o L^i^ jli cJ,LJL)j 

AjLkJl jL 4.^,. :Jl L-UjJ Lo5' |_;-L5J c5-iJl 

jLaJLoj jL» j^jiili .o-\:>-lj SjiJs ^ 2Lb5vJlj 
J5vJo ^ 51:501 jl (^^:^. c4.-^ j^l ji! ijijL>- 
ij;\.<,^>«J-l (jj-L* iju iij^l j<? Jij .SiLki! jj.^L?- 
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lijt, i^l j ..sljjijl ^ 4iLlaJl c_«b U (.'^ 

^l m ^.^:. :il ^l^Ol ^l j.:Lj c jLj^p^I Oyu. j-«Vl 

m^ SjS^L-JI f,_j-iJl 31:^ LjiS^^Lp J*>L:^ ^I 

.ym^ = m^. L^ 

L^LJ 4> j^l .sL;.: jL .jbjJ S.,., ;Jl ^l^Ol ol 

j>^l 4iLlaJl ^j^Siicj c^Jj^Jl 4P j^l .y ^ 
J*>L?- iis-^Lojj .L^li 'uiiS' ^ «-(^j^ 

Op CC c^jL-J V CjlS' lil 4jI t4V..,A^I ojjfc 
^■t-»:^ La J-*J C4-Jtl IT^y /■> < Y = — 



4Pjw o-^Ljj . 4..,. :Jl iL^I (J,LJL 

y jiJl ^y-Ja^ tC j-aH 4Pjw jO^ (J,I L« 
.LiJs ji>Jl J-:>r:...< ^l lijkj c4-aL:i4V ^SUs 
^I^Slc V cAj^-i 2>j« oil ^ C s j-s^l ol 
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J-5 jL "^j asyinptotique l^Ja^'^ 

i-ijLj jj jjaJl j>j<Jj .tijL*^ jil J^" J^l^s C f- j-s^l 
(^jL-j s^l s-L?- _^l oLi^l Photons 
4]i>-*>\Il oJLaj .aJj^ cjLj>tS' t jjL^I L^jdiS" 

jli IJ^A .f.jja]l C J 4,<>J>«.>^ 

^ Lvs j-<2ii- tL«jj 5ji-Ltf JJiJ mc^=E iiw» 
.ja..i^\ AjjL-..-» V j L«JliC- c jj^wJl sJL»- 

m^=m j l=y ^JLJI ^i^-^l ^J^ J-'^ ^j 
15.....^ dJiic ^j^^LJl ^(^jirli m^c'=E jLJLj 
^ SIjL* yUail oJut J-Ljj .iUriill» ^-Li t^Us 
^j^. ^l ^S" e^LjLk. iJjLL. tA;jx^l a^LJI 

. i^JuiS" f.|^^ I ^ ... T^C j jl 

aJ^LSi^-I c-Jiil A.>._.....Jl jl .^jlS LjI 
ji dJi i^jij" J4» .AiLkllj 4i::$L!l ^ 
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■M\ Jj.y LipLki^L jlS" ^ .jlTL" J5C 

Llli toL«l 4 a •>- ^Laj 4-:>- - ^"^1 

300 J^^L?- U ^jy^wo.?- 0 jij ... r^ a » ^ .ia : 
2LlailJ ^LaJ 4-:>- ^jy^ J">lji:L^l ^^yi^j . 5^ (_jjl 
.L~J yiJ 2L« _^1 AJlli!l C->L>-U-1 

^LjLj *i i]L* t^LLjJl a^UI ^ 
aJljii Jii ai cJlS" jlj cSi:^! li^UaJl 
)_...,«i-»xi)l sJ-o.^- (^jW^ L« j .(JjLJI L!L« 
L^^i^- (^^gJl iission nuclĕaire </j>J' 

^jjljjjl oljji .ajjjjJI o^Lc-ljill L>- jJ jj5^ 
5Jb^l ^^^Csrj d-i^jk .Ijjj i_i?-l (jyl jj J,l Jj^tii 

J,l 4.I.. M.L.. Jl 4jL^ _LLP J j^til ^l 4iLkJl ji=»oj 

J;f ..^ Jj JJ^. .^>tl]l ^ O.. J .«•Ll^^^.S' 

L«l ji^ jli L<J^ cAiUs J,l ^jjl jjJl 
co (jy*^ (3) O^^Lj j^SI SiLla jj:>«j ^ j^ilj jJl 
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tfusion nuclĕaire <^j>J' j^-^^ill ^-^j mc^=E 
Protons oUjJj^ (4) -W > '-^^^ 
^^ii^ Uajl Laj .hĕlium (* j^^'' y 
a itll 2itjill ijL-iill ^iLlaJl j^*uL 
Uip .oU Cr^ UH^ -^' 

•L/l''"^l (j^ 4-.~.oj>- oX« (jLjLLi^^lj 

J-^l^ ^ UjJ asUa Ji iL50i Jj/ 

^>Lt« t.iLiiii «UjjaT-j «-(^J:»- JiLlll j^jJl 

cpositron ĕlectron djj^y^ C/ii 

^jJLj Vj .A-iUa cjUjJji ijiJ- J,l (^.ijj U? 
^L-i jA Jj t^_5U*]l JgJ-l ildp ^'yi IJla 
t^L»jJJ 4j»jI ^I j j.sJI ^tt.....j aJLj 0 ^Lls 
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?mc'--E SJiixa^jifi LaJju jJb U 



.mc^ 

a ^lls JJ-^ LjlSLab Jjb CtiJUi JsLJjLj 

?4iiS' Jl AiUJl J 5 yklii J\ <.j^A:\}> 
l_jP-Jj L» ^^1 s j^aJ t-jljji-lj 

aiUaJl J t((c:jLjJ_^l -L^w>»ij)) 

i_jip AjJj^ cLLiSOl oLjjJrl ^jj Ji 

co _^l _^.^^ ^ L. Jr aSlJl 

(j j^l jbr«jij'yi j!)L^ ojij -U-^ JJl jjbj 

.Big Bang Jj^ 
:Lavoisier (J| t_jj-~ill Jill i-- ■>•■>■ 
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Jl>-1) jLill lijb jl iJlS" iS y Cjr^i .((Jj:>^i 
jl J ^li La t^l.:.t.">il ^ ^p-l 

.AiLlajl j ai^Ol o^-i^l J— ^ ij^' -^. 
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Jlii^l ^ ^LJI oLk*ll ^ ^ 

jl [aJJUJI A.J......JI] jJLii 2Lp^^I cJlS" fl 

sJL* ^^Jj j jJaJl ^ t|_^«5ljJl j_jip 
4j^p.^2J-l)) A.j.......-Jlj i.^\:.tu\ A.J.......J ,JjVl 2j>i-iJl 

Jji::^ »ji^Vl j.^ tLitJs .((restreinte 

jJi\ jLni tA^^l^^J^I ISLjL^I ^ 

^ I JL*j j-jaJl ipjwj_ aJjLL» tOjyw> 
ykl^ OjjTJill iSLjlSLll C-.«I.J L» t*^^ 

. ,_y^^jJl (»UaJl l5L.Li.j .j j-b>- J,l '^y^\ sLJ-l 
Jo .t" L^V jl 4j oil A.J.....JI 5j jlaJli 
.jjO^Ul JL>J>I J^^-b A^-jlSOl iSljlSLll 
3iLls> j^jip tl ^ ji< LL-i Li jjIpI lij t^^Lt» .L^LLJaJ 
tm^c^ aJL-JI aiUaJl o j^ c-t^. tmc^ aLIS" 
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A3\}^^ AiOaJl i;>u JjLiJl jp 

<uj j j5o 4^jJl jJ-l .aS" AiUs ^_^^.aj jl 

(j jUJl IJl* jli te. j-jaJl 2Lpj^ ^L»! 5 2Lp j^^l 
i^ykj S^j^^^^l^l LSsJISLII 

. mV^l 
2_» / 

IjUaS j j j .S-LjJ^ ^L»- ^ ^[ t j^l j 

jV tUSI j Jlil .5 j^ JJlJ ^ksk- Ul j j5l->- 
Jl j^aJ Centrifuge ((jS^^I ^ »I*ll)) a jiJl 
.LiJU> Lii^ ji jUaiJl jL US" t^jLLl 
t^S" jJ^\ ^ jJJ J .A'>t.>.>.i to jS iJL* c-jli" Ijp 
-^j . accĕlĕration «jtJjJl Jlj^ a..<..... J L» jAj 
e.^^^g<iJli t^jJ-l ^jj j-* tjy Si^^LJl ^jj jJ UJ ^--^j 
i_ .^r^C tF 0 jiJJ |*-.iLl-l j il::^l ^Js- y jdl 
^j^l jj-^j .m^a=F ^jwaJl jij ta ^ jL~iJl 
Jl jjl.T..t. : jl j^yu.- Jlij il-L>- ^ iLjI-l j 
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j\Jr\ (_fs 1916 .oOjjJrl oL»-;» 

ij^)) _; (J^l 8^ "^lj I Jj J .i/»Ull 4i.ii..:ilj 
(j^ J^''^ ijiii^'^^ j j .,f-;v:t .((ji^jLJl 
j^^lp 'US'Ljj j Lo-^JL» 0-L^I j -L>- jj c (j^JLa.l.'».< 

^ tP=m^g :oiLl-l oji] ^Ja^ '■^^—T^. '■J^j^'^ 
^jL-dJ L^Lk^l ^ j «.UiiJl ^ ^LJL i_3Ji ijij>- 
lil J-A=t--- cJ-^' Loi .F=m^a i^jj j^j a jiJ (^l ta 

?g (^jL-J a cJli' 

4-x.si jJl -^'jj ji Jis-^iLoU (jSO:. Vj tl^-^ij 

?frjJaJl liUj .principe d'ĕquivalence 

L;.jxJ-« jviJi j j^— t^j^*AliJ 4jt..l3Li-l 0 jSy^\ 

4^jJ-l cuJlS' lip tJ*^Lij . JiJl J*i. 
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^ jl ji» J fuseau lumineux 

<u-jij t(_^j-iJl (JiJaj aJLj j-aJI-I 

champ oiU-l JiL 4jt.>UJ-l o >><J-I ^ 
•5j*-_^l L^l t9Jj»-j gravitationnel 
.^jS^I^A^S-L- 

tAjil^lj >l-^ f j-jaJLi tAjjjJ A:>t-lJl cJLS^j 
^j^i-Ljl eJjbj .aL^^Ij ^lj^^b/l ^jy. JpUj- iiLjbj 
ij^. ouS' t|j50 .oIjJI a^^-.>JIj tiL'L^I 
21:^' j_jl.p y jJl ijuCj tUJs ^Liiii ^Js- SjsjJl 

. tj.,^!l J>~~>> ^^J n 1 J j<jLlL5 t<< « ^ j 

aJLojl) ^LJJI tJ-U^I IJ^ t^lT.7..:.jl ^ jiSI Jij 
La j j^ JjLP 4.«.^ f j-/» (—jIJl^L (JLiIj a^^^ 

jiLjJl ^b^tiJ Aj ^^J^tJl ■^^n.,.ttl (_.J ^ 
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cl919 jjL. ^ Edington Ci J,U2jjJl 

4_«-is j j jiJl ^ j^ ^ j>«j OjUil» 

JjL) j_«5vJl J^Aj»- ^_^tt.>t.Jl 4-j JsiS\ ^ J>t-Jl 

^jU- 1 g ,1p J.s^2:>til Sjaj yLlj Ajh--j:Jl jjli cdJJi> 
ii^. ^_,-^l jjJa^ jL Ji^^li^J (.eJj-«50l 
.^jlii-l oU?-Ij aS^^ptlI» J-Lj ^j>t-Jl jljj j J-.JI 
i_j-l>t;j ^ j>tJl oJl* jA ij..»;:ll c- j-iaJl jlS" -Li! 
J^A^- .jLpI dJJ-ij j C|J— o-JJI i_J j3 ojjj-» -Up 
J^.^ 4_?:-jL>-j 0 jJbLli Sjajij c.Lj j_«5vJ1 
jw-cJJ |^L*J-l j«i jiSl 2i-b ji>ti]l jt^j . j>Sl 
-LS^LII tdJJ-Lj . ^-^.o-JlJJ ^H^^ ij^'-^ 
-Jij .4^L«Jl 4.^,.,,.:.n Sjt-olj 0 j jS^-ill 
-L-pJ j c5jJl4>fl eJj_JLi]l j j^Li^l (il*]l 
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t4j JiaJl «JL^ tLiL:^'^! ij^ JJS^ cjiJl Whithead 
^^arlll; ^ jUJl jCAiJ 4.>~L>- J^jL?- <i\s^\ ^ 
jl)) itAJlS t,iiLi]l jJ*J 4^1 A^oL.,^ t/-!jLJl 
^L^ejJl iJLa Jjt) .(( jj-aLI j»-:;*"! j-» tbj^jiil ,jyl j5 

.(jjjsioJl j jiJl ^ L^r^i LLLp Jh,..! j 
jL«^l j jl^l (ju 5.,.......Jl iJL.To-y- JLiJ 

^l 4^ ^L^Olj aSUsJI tjuj 4^ 
I.Aj-L>- LjjLij (jjLLi.jl ^j^l ti^LaJl 4.j._....,.Jl 

imasse^ĕnergie ^SLkJl ^ii^Olj jl^^l ^ju 

JjL^ LajLLPj , . ^ a ; j jj^. jl ' j ^ I ^,-.✓'1 I ^ _•>- ; 

t JJ LttJ)) :*>lj'li i-jUrl ts^l (jjLLJ^il 
lil 5,»,,Wll fLiVl Ji" 01 -ULJl jliip^JI jl^" 
. jU^lj jl^l (^ji^j-i t j j^l |j» c:-«;>-l 
.((ojLLI fLL>-l ^ |j.»ljJL) jLiiit-^ t4.;..,...Jl 
i^jip a-^LvVI II jL- JJi^ 
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t jl5l*jJl ^ ^SLkJl ii::^ ^ ^ '^'j 

tChrono gĕomĕtrie 
jlS^jJl J^^lj 2jj-ill jj^^l aJU- j> L^JlSo. 
U jjbj .((4^^>J>I)) 2JU-I Jl tajlil ^ ^ jUJl 

Jj*J .3j<JjV| L-jllv3*>U ykyaS^ |JL>- jj j>j«J 

JJ /^■^ ; S jjllij AJ ^ jli^cS-eS^ «Ull jl^.^^1 

t<»Jj^ j> («— (J^^^^^J .AiUaJl SJbSOl 
.jl^sll ^^j^La?- Jj>«J cS-iJl Jai-uaJl ^j.^ Ip jj 

tijljJl 

oJufc ^a.i.r^j .[^^^i* JsL-o (3 ji j-i» j-« 4jJjJL>- 

2iL*^ js^l (. tA^jJjjjj^l 2 — - t ■ ig ll 
t44> g « SilS" ^ ^ Jj^' t^jy/Wii ^jy 

J^ 
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Ljli t|j-J jjj ^yiu. jLi-» Ljj^iijti^l Lj 

tL<>-*a^l yLJ i>-^ -iiLLA JUj |i AjL iijJL-.' 
tia-j y: joi-Sfl lj-fc .^jil ^"^bri-l L».^ jJ-j 
.oLkJl aL^Oi jLlil J,l i_-iyl j j5o Lj-Up j^TI 

Jr^ J! o-^^ -^J ^>^. 'i,^ 

• (^/^ Jr* ^jj»«~iJJ jjis y^rf^ 

JtoJjj toLJl 4^. . - : ll j jj>-l ^ jj 4.o_i 

j^Uljj ijlS^^jJl J-^^-^ ji*J '-^L?:- ij:>-j 

la>- ^Jl^ jA-^ J Jjti. jj-jJl ^Li^-jl J^l>- 
oUr 4 ^ ^^^^. Lj jA j .oLkJl Sl^^sIJ 

tj;w^ iJLjJiJI JpLLJI jS- 2L4LJ1 A-jibL| 

j<r Jij .(_$ ^Sfl Jji>- I < ^ oO^-lj JS' jjJj 
ljf tAjljJl ^ 0j0iL_« j^ ^jiaj L<>-*.> i J-SIj 
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. Bj..,.z.^ ihs^":^ ^}]^' 

.oljL^jLS' oJLp L^^^ ^J-j jl ^L-i t3jLj 
tiJI jM^i 4_j jj jl Sji^ 'i./' j .^'Ll IJl^ -L>- jj j 
.Virgo y^ji^ ^JLki^^l l^ e-j y 

uLjajiJl ^ ^ ^l L-)! ^W.^yi IJlA ^jlaij ^ j 

.5J^i^jii^^ijiJ^J>> 
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Jl ^oLijj <u^*»a;^>I^J| L^jI^JlI ^olij 

Global Positioning System J^UJl ^ jil ^liaJl 
A^Lk^^l jLoiS/l ^ ^j^ j j^l t(GPS) 
^lkJl II* -i^j^l Jj^- jjo: ^\ 

jUJ^I ji^ jil oLpLJJ ji^SOl jl 

Sjvij«j jk^\ oljocJ jji» (^'-5 :k ..^yi 

c3^. ...^ll ^jt- J.e->-Ul ol ji«Jl ij> '«j-* >— *VI 

i_jLb>tj j^Ula-^^^l j.«-SJ1j oi jJl jj jl jU^I 

.^_^jSfl(_siPOjj^^ 
J.j2iil JbJ>l jli tUUr Jliil 11* J lilj 
sijk c. -Lii . j j^l jA JJaj t4^1jiJl 4_,.,...:.n 
jjjj 1*1...^ :a.C.j i j j^iJ l:« ^ ji ^^gic- aj ^laJl 
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^liijjl 'Uil Oa j . jl^lJJ LaJL>- iJL* jl 

aJ ^ Aj ^,JaJ IjUal 3^.. :\\ ^l 4...^ 

^ jl aJL?- ^ (_f^j "^-^ '[W^ y j-<^ ] 

j_^$L;>JJl (iLjJl j Priedmann oUJj y ^l 
o^^jLk-. jl j_jLp La^ ji-^^ tLemaitre ^ 
jjW:^ ^l JU-I 4«,,Wi t^JjJ 4jiL)iJl a,.. .^ll 

p-L^i (^ptJLS tj*i jJl Ijjb (jisoJl ^ -Lsj . 1-^ j 

j ^ jl 

jUttij^yi ^ (_jL*^ ^ .4jiL)iJl a... ■;ll 

oSlJl (<= t^iil c(^L! ^l) JJL^I J j50l 
AJjSfl ^l oJlS" .4]i^">Lil oLk*il ^ 

[^-.a JtjL»j] f.LjajiJl Jl tiiJJi Jjt) .jj^ jSLij 
c— l^-ij W^j' j'' c— Ai>tJl ^^1 oiLLl c. o->wJlj 
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a^ljdl ^iSOl c_>^l lili .^bj-Jl ..jjiiJl 

C..;">»j. t Jji-ljJL Ljj^^ L*t ^twa-^j 
^J^w^ V 4.«j=?Jl ^ ,_^iJ L« jli loSOk . ^.j^^-Jl <"Ji^^ 
t JaAJ ^iLjij^S^I .i j_>;l L. V\ (J,LilL ^-.v2jj t ^-.i 
SjjUJ.! .LiVl ^ ^.l-^^^l aJIjJL' JtA^ 

^jAlio ti 5^11 IJL* («-'^^ \ jii-Jl LJ j .«d 

jl .L^ u^J^^ 2jL:Sy 4jjLL» oJ_p:- (Jl 
<uj L.n j-« ji.<.". j J^CiJl l-L^_ o-i j^ ^^^jJl 0 j^J' 

oJjt. JitJi j<r JiJj .4-;iLi-l Jijs^ 0\^^\ 
JLo^" iJLL^ i Jui ^ A_.il j^il cJlS" ^l 9 ybUiJl 
Lj^^ j-* j>-*ij •'-^ j^^. ^ 9-La ^ 
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(_)^' ty ijy"^ ^ Ji ^ j-^' S— site L«5 

..,r.ll 

. j jSOl J-^-l-2 Mtr^ ogres (( j*)Lp)) SjUu:. t 

A-jj)Li-l jJIj jli c l-g.:.J jiJLi '^j-' ^ '^lj 

0 jLil ^ j tL^^^Ljl J-S ((4jUc--I)) ojLil S^j^l 
^;Wt.^ crayons x Ajti^L ojoi-l 

.Lj-iL" 

^j*>.?-l La-^iP Oj^-S" ^bLijjl o.3Ljt-c il^ C"^^ 

.-jrU.^ L^Li' ^o.'A'-" j_^l ykl jii!l J j^ 
L^-iSl t^jVl ■^•i^ ji t j-iaJl i— y>ol Ji> tAjulj 

I j jij -Lill iS y) AaJjJI i_JjL5^I 

^Jb^ t jjLi-iJjV JjJl ^L jlSl^^l j» j^ 
L^jJl Marcel Proust c^^y, J^jL» oj>.^L«j. 
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Jji:>r liiJi JS")) : ^Jo L> AlJ jils 2L-^ i_.T^ 
L« — iL«jl ijuj\j Lil^^ tji-jLlJl j| tJjL>io 

Jl Cf "jjj^' 

jL:4 jji^' V t>r Jl 

^JuLJIj .Oju J.-^ |I t-iLiiS'^! jU cJU-l 
j_jL4 (^jJlj (>!j^i>*Jl o jiJl SjJ^ j (»--1:1-1 
^ AJaJl j^l 4j ^,]aJl cS^pr 4.,.,,.:ll 
C -b^ ^L.1 jjjjioJl j (5.51:1-1 j i(J 
ijCj ^^^\ jZ jjiSl ijyL* (jy (jiljJl (jii»- j-*J 
tj^iL>Jl JpLLJI jLsi \^\ .^;.^^ii,\\ 
L.t .(5^1 ^^5^1 .Lj^l o Lc-j^jJT, iaj ^l 



68 



^jo^^l jt tJU-lj .5iJjJl AjjjJl ob^l 

^ ^l',t,;.il JjU>- Jjj .Iwsljj ,^jc1jCj> jS- 
^^«ji 4j ij*^' J ^ ^ all jUs^l 

IJl* ^'Lj -^. .(^ ^-'yi oMpLLJL; ^iU-l 

_J-^j' tkiiJj .Xi^yu> yJc- cuik J.<oJl 

Aj^^iaJ)) I ,." tjLttJ>-VI ^ j^ 

L^ J ^><jJ tThĕorie des cordes (( JLJ-I 
IJla j^._5 . ol jl ^ Lil Jl ^l-i^l 
Vi LajLL» ^I oLdil 4.,...,.>.Jl 0 ^ j^iU 
ji-.^ jodL) Jj15 JS" jV tiJ-s^ 
OI^J J j o-bJLi-l Aj ^^laJl oJl* ^j^j . jSLiJl 

t^J^lT..t.oi Aj ^^iaj J_jL>>Jj La J-*_J .IJUtl J^i-t Jl^L 

j _jJu»- VI J^-^' V vUls^VI :>UjVi 0 j-* ^ 

L^l La5" tA^ _^l ULj^ ^ jjjj tOjO»-.^ 
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j jJIj^ Jiipl L» j jj^ijtli j 

jU cJlj^Vl .Lj -k>^l ^1*1] ^.IS^j 

. j^. .. aril IJl* L^jJG jL-J^I 
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A 


Accĕlĕration 




A priori 




C 


Coordonnĕes 




Centrifuge 




Chrono gĕomĕtrie 




D 


Dilatation 




F 


Puseau lumineux 




Pusion nuclĕaire 




Pission nuclĕaire 




1 


Implosion 




Inertie 
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p 


Parabolicjue 




Perpendiculaire 




Pesanteur 




Principe d'ĕquivalence 




Q 


Quadridimensionnel 




R 


Relativitĕ 




Relativitĕ restreinte 




Relativitĕ gĕnĕrale 




Relativisme 




Sens commun 




Simultanĕitĕ 




V 


Yibration 
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- Jean Louis Bobin, Quelle est la vraie vitesse de 
la lumiĕrel n° 54, 2004. 

- Alain Bouquet, Doit-on Croire au Big Bangl n° 
23,2003. 

- Albert Einstein, La Relativitĕ, Payot, 1990. 

- Philippe Frank, Einstein, Palmmarion, 
«champs», 1991 . 

- Thibaut Damour, Im. Relativitĕ gĕnĕrale, Odile 
Jacob, 2000. 
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cjL^I ijl» 



^l 2j ^,JaJl j .^lT...t.:j^ 4...,...,J) Aj Jlaj ^ j 

j<r CU~>- to.slil j ASLkJl j AP jwJl j 45" ^l j jUjJl j 
^-^-T jj-' ijL^jJ' J jiSlll |_Ju ^^«.J^l tjw» jSJij 

.U-Vl >* jiLiip^l jlS" JJ ^ )) 

jlS^I jU t j j^l c.ar^l id L. lil a,»,.Wli 
jLjL>i^ I - il» t4.j,...M.Jl . jL.i.;,^ jL«jJlj 
.((ojLil tLL^-l ^ j^IjJL 
^^^JjJl J-is- ol j j .i^tII oJLa Jia j[ 

^L«l JL><J>I ^T.a.:...-^j 'L--^L) j 4_5sjjiJl j 5JLj_iJl 



SjaJl j^l Aj ^^laJl 5_>...>.Jl Aj ^^laJl 

(^ili-l j ^hy' (.iS j>-\ ^ (A--oi3l) 

(JjA^ J--*^ '*Jit^ oljJl^ ^L«l ^j^IjlSIj 

. ^j\7ft^l?»ll ^'y-i « U ^l ijyj jJl ijyL* (ju Jjl^Jl 

jlljlil oLf- jil JpLiJ Jl^ 5j...>.Jl 

^Lij^lj (^UJI j j53l c5l) j>5Jl j^Lu -^Ul 

jlljiil ^ jil JpU; JU- ^ 3jaJl j^l 

ji ijjyll j^j t(oll;^l (lU) yu^l ^ybbu tAJl 

t^jJLs^il ^ji-i-* (j-o-i' »L«Jjl!1 i ^La) |v*L-. u 

.Lj Ja^i jiuJ J-iSoi j:>Up ji.^" jl4i 
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d^I^Lh^ i_!JJ-JI ^L—jj^j^l 

j — iii_j-Lj 7 ju—jjLj 
j_JjJL 4_,}^1 fL_i>^1 
.^^.a^JI ^^11 
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^ ol — aJjil j — 0 ■> j.\l,ll 
















tJI — > JLl^t .^iu-^j)^ 




■39— 's-» J— ^^■S «jjUj 
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^9 — tMljlS A ■ I »1 : tl Aj^iaj .^ilLlTI I I 

^LSLll JJUs d^Lj^ p-1 ; ■' - j - " ^jLcI ^^I i ^ - II 

g.O--t-1 .j.ij.0 J ^ ; ^ ■ - .ĕjlllj J ai U Tf j J .-^ ■■■ Tlj d^j^lg jLaj-lts 
9^9 •j:^»-' ^^d^ >>o iiLlaJls rt 1 7 ^ I I jjjj A^J- >o jLojJlj jLill ^ji—j 
» L« I J ;° A .„ r .-^ . ,< n ^L: : •} d.L£. j ; r- La 



,-.<i:s-l U lil rt,t.,hll cLi^bn J ^ ».»1 jLiiiiif I jL^ 
Li^Li .<Li.j — uiiJI J— «9 -pl . fl ; . — jLojJls pl U jU .^9_SJ1 j — a 

.«ajLII pl a ; ■»■1 ^Ji ^.^lj^Lj jl ; fl 7 ■>. . ..I 




